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Abstract of EP091 6465 

A composite material including a polypropylene 
resin molded body having a melting point MB 
DEG C, and a foamed body of expanded 
particles fuse-bonded to the molded body, 
wherein the foamed body has at least two 
endothermic peaks (P1.P2) in DSC curve (100) 
thereof at peak temperatures of 135 DEG C or 
more, wherein the highest temperature 
endothermic peak thereof is at a peak 
temperature of PH DEG C which is not lower 
than (MB - 5) DEG C and has such an area at 
temperatures not lower than (MB - 5) DEG C that 
corresponds to a calorific value (Q) in the range 
of at least 8 J/g, and wherein the peel strength 
between the molded body and the foamed body 
is at least 1 .5 kg/15 mm. The composite material 
is produced by molding the expanded particles in 
a mold cavity in which the molded body is 
previously placed. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] This invention relates generally to a composite polypropylene resin article useful as an exterior material, an 
interior material or a bumper of automobiles and, more particularly, to a composite material having a polypropylene 
resin molded body to which a polypropylene resin foamed body is fuse-bonded. The present invention is also directed 
to a method of producing the above composite material. 

[0002] A polypropylene resin is now used as exterior materials, interior materials and bumpers of automobiles be- 
10 cause of its excellent resistance to solvents, low specific gravity, good rigidity, good cost balance and capability of 
reuse. With regard to bumpers, the recent trend is toward the use of light weight materials for reasons of reduction of 
fuel consumption. Thus, there is a great demand for bumpers having a reduced weight and, yet, high mechanical 
strengths, especially good shock absorbing properties. 

[0003] J P-A-H5-1 3874 discloses a five-layered bumper composed of a core of a foamed polypropylene resin molded 
15 body interposed between and fuse-bonded to a pair of polypropylene resin layers with fusible adhesive layers. The 
use of adhesive layers causes increased production costs and prevents recycled uses of the polypropylene resin. 
[0004] JP 9 039 01 9 discloses a bumper composed of a polypropylene resin hollow molded body and a foamed resin 
core provided within the hollow molded body. The core is formed by foaming expanded resin particles within the hollow 
space of the molded body so that the core is fuse-bonded to the hollow molded body. This bumper has problems, 
20 however, because of a difficulty to produce the hollow molded body and because of a weak bonding between the core 
and the molded body. 

SUMMARY OF THE INVENTION 

25 [0005] It is, therefore, an object of the present invention to provide a composite polypropylene resin article useful as 
an exterior material, an interior material (e.g. instrument panel, pillar or door panel) or a bumper of vehicles and having 
a polypropylene resin molded body to which a polypropylene resin foamed body is tightly fuse-bonded so that, the 
foamed body cannot be delaminated from the molded body without breakage of the cells of the foamed body. 
[0006] Another object of the present invention is to provide a light weight composite material useful as a bumper and 

30 having excellent shock absorbing properties. 

[0007] It is a further object of the present invention to provide a method of producing the above composite material. 
[0008] In accomplishing the foregoing objects, there is provided in accordance with one aspect of the present inven- 
tion a method of producing a composite material, comprising the steps of: 

35 placing a polypropylene resin molded body having a melting point MB°C in a mold cavity defined between inside 

walls of first and second molds such that said molded body is in contact with said inside wall of said first mold, 
filling said mold cavity with polypropylene resin expanded particles, and 

heating said expanded particles within said mold cavity to mold said expanded particles, thereby to produce said 
composite material having said polypropylene molded body and a foamed body of said expanded particles fuse- 
40 bonded to said molded body, wherein said foamed body has at least two endothermic peaks in DSC curve thereof 

at peak temperatures of 135°C or more, and wherein the highest temperature endothermic peak thereof is at a 
peak temperature of PH°C which is not lower than (MB - 5)°C and has such an area at temperatures not lower 
than (MB - 5)"C that corresponds to a calorific value in the range of at least 10 J/g. 

45 [0009] In another aspect, the present invention provides a composite material comprising a polypropylene resin 
molded body having a melting point MB°C, and a foamed body of expanded particles fuse-bonded to said molded 
body, wherein said foamed body has at least two endothermic peaks in DSC curve thereof at peak temperatures of 
135°C or more, wherein the highest temperature endothermic peak thereof is at a peak temperature of PH°C which is 
not lower than (MB - 5)°C and has such an area at temperatures not lower than (MB - 5)°C that corresponds to a 

so calorific value in the range of at least 1 0 J/g, and wherein the peel strength between said molded body and said foamed 
body is at least 1 .5 kg/15 mm. 

[0010] In the present specification and claims, the terms "DSC curve", "melting point MB", "endothermic peak", "high- 
est temperature endothermic peak", "peak temperatures PH and PL", "lowest temperature endothermic peak" and 
"area of an endothermic peak at temperatures not lower than (MB-5)" are defined as follows: 
55 [0011] "DSC curve" is a curve obtained by differential scanning calorimetry and examples of DSC curves are sche- 
matically illustrated in Fig. 1 and designated by the reference numerals 100 and 200. 

[0012] "Endothermic peak" is a peak in a DSC curve of a resin attributed to the absorption of heat during the course 
of the heating of the resin for fusing. In Fig. 1 , there are two endothermic peaks P1 and P2 in the DSC curve 100, while 
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there is a single endothermic peak P3 in the DSC curve 200. 

[0013] "Melting point MB" is a melting point of a polypropylene resin molded body as determined by the DSC analysis 
and is measured in the following manner. A portion of the molded body is cut out to obtain a sample having a weight 
of about 1 -3 mg. The sample is subjected to DSC analysis. Thus, the sample is heated at a rate of 1 0°C/min to 220°C 
5 in an atmosphere of nitrogen. The heated sample is then cooled at a rate of 10°C/min to about 40°C. Thereafter, the 
sample is again heated at a rate of 10°C/min to 220°C in an atmosphere of nitrogen to give the DSC curve 200 as 
shown in Fig. 1. The peak temperature of the endothermic peak P3 in the range of 130-180 o C in the DSC curve 
represents the melting point MB. 

[0014] When the molded body contains two or more different polypropylene resins, two or more endothermic peaks 
10 may be observed in the second DSC curve. In this case, the melting point MB is the peak temperature of that peak 
which has the highest temperature of all. 

[0015] "Peak temperature PH" is a peak temperature of the "highest temperature endothermic peak" (P2) in a DSC 
curve of a polypropylene resin foamed body, as illustrated at 100 in Fig. 1. The DSC curve herein is as obtained by 
the differential scanning calorimetric analysis wherein a sample (about 1-3 mg) is heated from room temperature to 
15 220°C at a rate of 1 0°C/min in an atmosphere of nitrogen. At least two endothermic peaks are present at peak tem- 
peratures of 135°C or more. Among the at least two endothermic peaks, the "highest endothermic peak" is ascribed 
to a secondary structure of the polypropylene expanded particles from which the foamed body is formed. The "lowest 
temperature endothermic peak" (P1 in Fig. 1) is at a peak temperature PL. 

[0016] "Area of an endothermic peak at temperatures not lowerthan (MB-5)" represents a part of the calorific value 
20 of an endothermic peak at temperatures higher than (MB - 5) in a DSC curve of a polypropylene resin foamed body. 
This area is determined as follows. In the DSC curve 1 00 as shown in Fig. 1 , a straight line 300 extending between 
the point Z1 in the curve 1 00 at 80°C and the point Z2 in the curve at the melt completion temperature Tmc is drawn. 
Next, a line 400 which is parallel with the ordinate is drawn at a temperature equal to the melting point (MB - 5). The 
area Q defined by the line 300, line 400 and DSC curve 100 represents the area of an endothermic peak at temperatures 
25 not lowerthan (MB -5). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Other objects, features and advantages of the present invention will become apparent from the detailed de- 
30 scription of the preferred embodiments of the invention which follows, when considered in light of the accompanying 
drawings, in which: 

Fig. 1 shows DSC curves of a polypropylene resin foamed body and a polypropylene resin molded body of a 
composite material according to the present invention; 
35 Fig. 2 is a cross-sectional, elevational view diagrammatically illustrating a molding device used for carrying out a 

method according to the present invention; 
Fig. 3(a) is a plan view of a skin body used in Example 1 ; 
Fig. 3(b) is a side view of Fig. 3(a); 

Fig. 4(a) is an elevational view schematically illustrating a manner in which a test piece is measured for its com- 
40 pression elasticity; and 

Fig. 4(b) is a side view of Fig. 4(a). 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION 

45 [0018] In the method of producing a composite material according to the present invention, polypropylene resin 
expanded particles are molded in a mold cavity in which a polypropylene molded body is previously placed, so that 
the molded body is composited with a foamed body of the expanded particles by fuse-bonding. During the molding, 
surfaces of the expanded particles are fused. The expanded particles having the fused surfaces are bonded to each 
other with the space between the particles being filled due to the secondary expansion and/or the restoring forces of 

50 the expanded particles, thereby forming the foamed body. 

[0019] The polypropylene resin of which the molded body is formed is preferably of a type which is excellent in rigidity, 
heat resistance, shock resistance at low temperatures and printability and, thus, which is suited for use as bumpers 
and/or interior and exterior materials for vehicles. A polypropylene resin molded body having a melting point MB not 
lower than 155°C is preferably used. 

55 [0020] Illustrative of polypropylene resins are polypropylene homopolymers, propylene-ethylene block copolymers, 
propylene-ethylene random copolymers and propylene-ethylene-butene random copolymers. These polypropylene 
resins may be used by themselves or as a mixture of two or more. 

[0021] The polypropylene resin may also be used in combination of one or more additional resins such as polyolefin 
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resins, e.g. another polypropylene resin having a melting point lower than 1 55°C, linear very low density polyethylenes, 
branched low density polyethylenes, linear low density polyethylenes, medium density polyethylenes, high density 
polyethylenes and polybutene resins; and synthetic rubbers, e.g. ethylene-propylene rubbers, ethylene-propylene- 
diene rubbers, ethylene-butene rubbers, ethylene-hexene rubbers, ethylene-pentene rubbers and ethylene-octene 

5 rubbers. The polyolefin resin may be used in an amount of 50 parts by weight or less, preferably 40 parts by weight or 
less, per 1 00 parts by weight of the polypropylene resin. The synthetic rubber may be used in an amount of 350 parts 
by weight or less, preferably 240 parts by weight or less, per 100 parts by weight of the polypropylene resin. 
[0022] The polypropylene resin may also be blended with one or more additives such as a filler, a stabilizer, a rein- 
forcing material, a pigment and a lubricant. 

10 [0023] The polypropylene molded body may be obtained from the polypropylene resin and, optionally, the additional 
resin and/or the additives, by any conventional molding method such as injection molding, stump molding, extrusion 
molding which may be followed by press molding (e.g. a sheet is first formed by extrusion and then pressed), air press 
molding or vacuum molding. The polypropylene molded body may also be obtained during the production of the com- 
posite material of the present invention in a pair of molds. 

15 [0024] The polypropylene resin molded body has a melting point of MB 0 C. 

[0025] As described previously, the polypropylene resin molded body is composited with a foamed body of polypro- 
pylene expanded particles by using a pair of molds. The foamed body has at least two endothermic peaks in DSC 
curve thereof at peak temperatures of 135°C or more, and wherein the highest temperature endothermic peak thereof 
is at a peak temperature of PH°C which is not lower than (MB - 5)°C, preferably between (MB - 5)°C and (MB + 15) 

20 °c, more preferably between (MB - 5)°C and (MB + 5)°C. The highest temperature endothermic peak has such an 
area at temperatures not lower than (MB - 5)°C that corresponds to a calorific value Q of in the range of at least 8 J/ 
g, preferably 8-50 J/g, more preferably 8-40 J/g. By using the above specific polypropylene resin foamed body, the 
adhesion between the foamed body and the polypropylene molded body is significantly improved. In particular, the 
adhesion therebetween is such as to provide a peel strength of at least 1 .5 kg/1 5 mm. Moreover, the specific properties 

25 of the polypropylene resin foamed body can prevent shrinkage thereof after the molding thereof into the composite 
material. 

[0026] The term "peel strength" used herein is as measured in accordance with Japanese Industrial Standard J IS 
Z0237 (1991) "Testing Methods of Pressure Sensitive Adhesive Tapes and Sheets; Adhesive Strength; 90 degree 
peeling method". The test is performed at 23°C, under a relative humidity of 50 % with a peeling speed of 100 mm/ 

30 minute. The test piece has a width of 15 mm. 

[0027] The polypropylene resin for use in the foamed body may be a propylene homopolymer or a propylene copol- 
ymer such as a propylene-ethylene block copolymer, a propylene-ethylene random copolymer, a propylene-butene 
random copolymer or a propylene-ethylene-butene random copolymer. The propylene content in the propylene copol- 
ymer is preferably 75-97 % by weight in the case of a block copolymer or 93-99.7 % by weight in the case of a random 

35 copolymer. The melting point of the polypropylene resin is preferably at least 135°C, more preferably at least 142°C, 
for reasons of satisfactory heat resistance and rigidity of the foamed body. The upper limit of the melting point of the 
polypropylene resin is preferably about 155°C for reasons of moldability of the polypropylene resin expanded particles. 
The melting point of the polypropylene resin of thefoamed body is determined in the same manner as that for measuring 
the melting point MB of the molded body. 

40 [0028] The polypropylene resin may further contain an additional polymer, preferably a polyolefin polymer. Examples 
of such additional polymers include polyethylene resins such as linear very low density polyethylene, branched low 
density polyethylene, linear low density polyethylene, medium density polyethylene and high density polyethylene; 
polyolefin elastomers such as ethylene-propylene rubber, ethylene-butene rubber, ethylene-octene rubber and propyl- 
ene-butene rubber; and polybutene resins. The amount of such an additional polymer is generally 30 % by weight or 

45 less based on the total amount of the polypropylene resin and the additional polymer. 

[0029] The expanded particles of the polypropylene resin from which the foamed body is obtained may be obtained 
by any known suitable method. In one suitable method, non-expanded polypropylene resin particles are contacted with 
a blowing agent such as an inorganic gas, a volatile blowing agent or a mixture thereof to impregnate the resin particles 
with the blowing agent, heated to a temperature higher than the softening point of the resin, dispersed in a dispersing 

so medium, maintained under a pressurized condition in a vessel and then discharged into air so that the resin particles 
are expanded. The expanded resin particles preferably have a bulk expansion ratio of 3-60 (0.015-0.3 g/cm 3 in terms 
of bulk density), more preferably 3-30 (0.03-0.3 g/cm 3 in terms of bulk density), and contain secondary crystals. 
[0030] It is important that the polypropylene resin expanded particles have a DSC curve by differential scanning 
calorimetry including at least two endothermic peaks. It is preferred that the highest temperature peak of the at least 

55 two endothermic peak have an area corresponding to the calorific value of 8-35 J/g for reasons of improved mechanical 
properties such as bending strength, improved production efficiency and prevention of formation of gaps between 
expanded particles of the foamed body. 

[0031 ] The polypropylene foamed body having a DSC curve including at least two peaks can be produced by using 
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polypropylene expanded particles having a DSC curve including at least two peaks. Such expanded particles may be 
obtained by maintaining a dispersion containing polypropylene resin particles at a temperature between the melting 
point thereof and the melt-completion temperature (intersecting point on a high temperature side between the base 
line and the endothermic peak) thereof for a period of time of 5 - 90 min, preferably 1 5 - 60 min. The area of the highest 

5 temperature peak may be adjusted by, for example, the temperature at which the polypropylene resin particles are 
maintained in the above conditions, the time for which the polypropylene resin particles are maintained in the above 
conditions and the kind of the blowing agent. The highest temperature peak is ascribed to the presence of secondary 
crystals and a method of measuring the highest temperature peak is explained in European patent publication No. EP- 
A-0823443 published February 11 , 1998. 

10 [0032] A method for preparing the composite material according to the present invention will now be described with 
reference to Fig. 2 which illustrates one preferred device for carrying out the method of the present invention. 
[0033] The device has a pair of first and second frames 20 and 21 in which a pair of first and second molds 2a and 
2b are disposed, respectively, to define first and second chamber 7a and 7b therebetween, respectively. The frame 
20 is moveable relative to the frame 21 so that the first and second molds 2a and 2b are positionable between open 

15 and close positions. In the close position as shown in Fig. 2, a mold cavity 4 is defined between the molds 2a and 2b. 
[0034] A molded body 1 is placed in the mold cavity 4 such that the molded body 1 faces the first mold 2a. The mold 
cavity 4 is then evacuated through a suction tube 3a and perforations so that the molded body 1 is maintained in contact 
with the first mold 2a. If necessary, the molded body 1 may be previously shaped to fit the inside surface of the first 
mold 2a. Alternatively, the molded body 1 may be shaped by press molding with the first mold 2a. In this case, the 

20 laminate may be heated during the press molding, as desired. 

[0035] The mold cavity 4 is then filled with expanded particles of a polypropylene resin introduced through a feeder 
11 . The expanded polypropylene resin particles in the mold cavity 4 are then heated with pressurized steam supplied 
through a pipe 8b to the second chamber 7b and slits 6 so that the particles are expanded and fuse bonded to each 
other, thereby to form a foamed body having a closed cellular structure and bonded to the molded body 1 . A pressurized 

25 steam may also be fed through a pipe 8a to the first chamber 7a to heat the molded body 1 and to prevent the curling 
of the product. In this case, it is advisable not to permit the steam to enter the perforations so that the molded body 1 
is prevented from being deteriorated. 

[0036] It is preferred that the heating of the polypropylene resin expanded particles in the mold for producing the 
composite material be at a temperature lower than (MB - 5)°C but higher than (PL - 5)°C wherein MB and PL are the 

30 melting point of the molded body 1 and the peak temperature of the lowest temperature endothermic peak P1 of the 
foamed body obtained from the expanded particles for reasons of prevention of shrinkage of the foamed body and 
attainment of high mechanical strengths of the composite material and tight fuse-bonding between the foamed body 
and the molded body 1 . The peak temperature PL of the lowest temperature endothermic peak of the foamed body is 
substantially the same as that of the expanded particles. 

35 [0037] Before heating the expanded particles, it is preferable to substitute steam for air present between the expand- 
ed particles charged in the mold cavity 4. Thus, a drain discharge pipe 10b is connected to the second chamber 7b 
and is maintained in an open state so that the steam fed to the chamber 7b through the pipe 8b is discharged together 
with air, before commencing the expansion of the expanded particles. In this case, the second chamber 7b may be 
evacuated through a suction tube 3b to facilitate the removal of the air. In Fig. 2, designated as 9a and 9b are cooling 

40 water feeding conduits and as 1 0a is a drain discharge pipe. 

[0038] The composite material according to the present invention can be in a three layer structure in which a foamed 
body is sandwiched between two molded bodies (or two skin bodies). Such a composite material may be prepared by 
placing the two molded bodies in contact with first and second molds, respectively. Expanded particles are then charged 
in the space between the two molded bodies and heated to obtain the foamed body having both sides fuse-bonded to 

45 the two molded bodies, respectively. 

[0039] To facilitate the passage of the steam into the mold cavity 4, it is preferred that one or more steam feed pipes 
(not shown) be used. Each feed pipe has one end connected to the steam feed port 8b and the other end inserted into 
the mold cavity 4 so that the molding of the expanded particles in the mold cavity 4 can be efficiently performed. The 
steam feed pipes are desirably retracted from the mold cavity 4 before the start of cooling the composite material so 

so that the formation of voids in the formed body due to the steam feed pipes can be prevented or minimized. 

[0040] The composite material produced by the method of the present invention has significantly improved collision 
resisting properties such as excellent bending strength, energy absorbing properties and compression strengths (e.g. 
local compression modulus) and, hence, is suitably used as a bumper for vehicles. 

[0041] For use as a bumper for vehicles, it is preferred that composite material have the following properties: 

55 

0.6 < Y < 3.4, preferably 1 < Y < 3, 
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5-Y<115X<34.5-Y 



5 P/D > 2500, preferably 5000 > P/D > 3500 

[0042] wherein Y represents the thickness (mm) of the molded body, X represents the density (g/cm 3 ) of the foamed 
body, and P and D represent the local compression modulus (kg/cm) and the density (g/cm 3 ) of the composite material , 
respectively. 

w [0043] A thickness Y of the molded body below 0.6 mm tends to cause breakage thereof even with a slight collision. 
Too large a thickness in excess of 3.4 mm is disadvantageous because it is difficult to maintain the weight of the 
composite material below a required level. 

[0044] When the condition of (5 - Y) < 1 1 5X < (34.5 - Y) is not met, the energy absorbing properties of the composite 
material tend to be unsatisfactory. When P/D is lower than 2500 (kg/cm)/(g/cm 3 ), the composite material tends to show 
15 a difficulty in resisting even a slight collision shock. 

[0045] It is also preferred that the composite material have a ratio (E/D (kg-cm/cm 3 )/(g/cm 3 )) of an energy absorption 
E (kg-cm/cm 3 ) through a 50 % strain to the density D (g/cm 3 ) thereof of not smaller than 20, more preferably 25-40 
(kg-cm/cm 3 )/(g/cm 3 ), for reasons of improved energy absorbing characteristics. 

[0046] The following examples will further illustrate the present invention. Parts and percentages are by weight. 

20 

Examples 1-5 

[0047] A polypropylene resin (TX552 manufactured by Idemitsu Petrochemical Co., Ltd.; Ml:15.7 g/10 min; melting 
point: 164°C; calorific value for fusion: 69.4 J/g) was extruded through T-dies into sheets having thicknesses of 0.5, 1, 

25 2, 3 and 4 mm. Each of the sheets was then subjected to press molding to obtain a skin body (molded body) 1 having 
a shape as illustrated in Figs. 3(a) and 3(b). Using these skin bodies 1, composite materials were prepared with a 
molding device as shown in Fig. 2. Thus, each skin body 1 was placed in a first mold 2a having a cavity 4 with a size 
of 200 mm x 200 mm x 40 mm. The mold cavity 4 was evacuated by a vacuum pump through the suction pipe 3a so 
that the skin layer of the laminate was held in contact with the first mold 2a, After closing the first mold 2a with the 

30 second mold 2b, expanded particles of a propylene-ethylene random copolymer (ethylene content: 2,4 %, melting 
point: 146.0 o C, bulk expansion ratio: 8) whose cells had been previously adjusted to an air pressure of 1 .8 bars were 
filled in the mold cavity 4 through a feed pipe 11. While maintaining the drain discharge pipe 10b open, steam was fed 
to the second chamber 7b for 5 seconds to purge the air between the expanded particles in the mold cavity 4. The 
drain pipe 10b was then closed and steam at 4.0 kg/cm 2 G was fed to the second chamber 7b to directly heat the 

35 expanded particles, while feeding steam at 4.0 kg/cm 2 G to the first chamber 7a to indirectly heat the expanded particles, 
so that the expanded particles were fused and expanded to form a foamed body bonded to the skin body 1. After 
cooling with water, the composite material in the mold cavity 4 was taken out, aged at 60°C for 24 hours and the cooled 
to room temperature. The foamed body was found to show a highest temperature peak P2 at 161°C and to have 15 
J/g of calorific value Q corresponding to an area of the highesttemperature peak P2 at temperatures higherthan 159°C 

40 (164-5)°C. 

[0048] The properties of the thus produced composite materials are summarized in Table 1 below. 
Comparative Example 1 

45 [0049] Example 1 was repeated in the same manner as described except that the skin material was not used. The 
thus prepared foamed body was then piled up to a skin material (thickness: 3 mm) as prepared in Example 4 without 
using any adhesive to obtain a composite material having the properties shown in Table 2. 

Comparative Example 2 

50 

[0050] Example 2 was repeated in the same manner as described except that the skin material was not used. The 
thus prepared foamed body was measured for the properties thereof. The results are shown in Table 2. 

Comparative Example 3 

55 

[0051] Example 3 was repeated in the same manner as described except that expanded particles of a propylene- 
ethylene random copolymer used had an ethylene content of 4.0 %, a melting point of 137.0°C and a bulk expansion 
ratio of 8 and that the steam fed to the chambers 7a and 7b had a pressure of 3.0 kg/cm 2 G. The foamed body of the 
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thus obtained composite material was found to show a highest temperature peak P2 at 152°C and to have 2 J/g of a 
calorific value Q corresponding to an area of the highest temperature peak P2 at temperatures higher than 159°C 
(164-5)°C. The properties of the thus produced composite material are shown in Table 2. 
[0052] In Tables 1 and 2, the physical properties were measured as follows. 

5 

(1) Peel strength (adhesion between foamed body and skin body): 

[0053] In accordance with the 90 degree peeling method specified in Japanese Industrial Standard JIS Z0237 (1 991), 
the adhesive strength is measured at 23°C, under a relative humidity of 50 % with a peeling speed of 1 00 mm/minute. 
10 The test piece has a width of 15 mm. The adhesion is evaluated according to the following ratings: 

A: 1.5 kg/15 mm or more 
B: less than 1 .5 kg/15 mm 

15 (2) Local compression modulus P: 

[0054] A composite material is cut into a block 20 having a length of 50 mm, a width of 50 mm and a height of 40 
mm as shown in Figs. 4(a) and 4(b). Designated as 21 and 22 are skin body and foamed body of the composite material 
20, respectively. The block is placed on a flat table and is pressed at its center with a T-shaped jig 23 in the direction 
20 shown by the arrow at a pressing speed of 10 mm/minute. The jig 23 has a fixing section 25 and a pressing section 

24 having a rounded tip end (radius of curvature: 5 mm), a width of 1 00 mm and a height of 60 mm. The fixing section 

25 is operatively connected to a compression testing device. A load F (kg) is applied with the jig 23 to the sample while 
measuring the strain (%). The measurement is carried out at 23 °C. The load F (ordinate) is plotted against the strain 
(abscissa; %). Local compression modulus P (kg/cm) is calculated as P = Af/5 cm wherein Af represents a gradient of 

25 that portion of the above plots where the load F is initially proportional to the strain. 

(3) Total energy absorption through 50 % strain E: 

[0055] In accordance with Japanese Industrial Standard JIS Z0234, a composite material with a size of 200 mm x 
30 200 mm x 40 mm is compressed at 23°C at a compressing speed of 1 0 mm/minute, while measuring the compression 
stress at varying compression strain. A total energy absorption through 50 % strain E (kg-cm/cm 3 ) is a cumulative of 
the compression stress up to the 50 % strain. Namely, the total strain E is an integrated value (area), from 0 % strain 
to the 50 % strain, of a curve of plots of the compression stress (ordinate, kg/cm 2 ) against the compression strain 
(abscissa, %), as disclosed in EP-B-01 55558, Fig. 1. Also measured is a compression stress G (kg/cm 2 ) when the 
35 sample has been subjected to the 50 % strain. 

(4) Maximum bending stress H 

[0056] A composite material is cut to obtain a sample having a length of 200 mm, a width of 25 mm and a height of 
40 40 mm. The sample is subjected to bending test in accordance with Japanese Industrial Standard JIS K7221 . Thus, 
the sample is supported, with the skin layer thereof being oriented upward, at both ends by a pair of supporting pillars 
having a span distance of 150 mm and each having a tip end with a radius of curvature of 10 mm. The sample is 
pressed at its middle portion by a jig having a rounded tip end (radius of curvature: 60 mm) while measuring a maximum 
bending stress H (kg/cm 2 ). 



Table 1 



Example 


1 


2 


3 


4 


5 


Skin body Thickness Y (mm)* 


0.5 


1 


2 


3 


4 


Foamed body Density X (g/cm 3 ) 


0.106 


0.106 


0.106 


0.106 


0.106 


Composite material 












Adhesion 


A 


A 


A 


A 


A 


Weight (g) 


174 


195 


220 


246 


263 


Density D (g/cm 3 ) 


0.119 


0.130 


0.145 


0.164 


0.172 


Local compression modulus P (kg/cm) 


345 


476 


646 


701 


781 



*: Thickness of the skin body at a position thereof which is in contact with the jig used in the above measurement of local compression modulus R 
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Table 1 (continued) 





Example 


1 


2 


3 


4 


5 




P/D 


2900 


3660 


4460 


4270 


4540 




Compression stress at 10 % strain (kg/cm 2 ) 


17.0 


17.8 


20.2 


23.2 


25.7 




Energy absorption through 50 % strain E (kg-cm/cm 3 ) 


3.8 


3.9 


3.7 


3.7 


3.7 




E/D 


32 


30 


26 


23 


22 




Compression stress at 50 % strain G (kg/cm 2 ) Maximum bending 
stress 


10 


11 


9 


10 


11 




H (kg/cm 2 ) 


26.2 


30.9 


40.9 


40.3 


41.2 




H/D 


220 


238 


282 


246 


240 



15 

Table 2 



Comparative Example 




2 


3 


Skin body Thickness Y (mm)* 


3 


0 


2 


Foamed body Density X (g/cm 3 ) 


0.106 


0.106 


0.106 


Composite material 








Adhesion 






B 


Weight (g) 


250 


159 


220 


Density D (g/cm 3 ) 


0.165 


0.106 


0.145 


Local compression modulus P (kg/cm) 


397 


242 


295 


P/D 


2406 


2280 


2030 


Compression stress at 10 % strain (kg/cm 2 ) 


18,7 


16.5 


10.3 


Energy absorption through 50 % strain E (kgcm/cm 3 ) 


3.6 


3.8 


2.6 


E/D 


22 


36 


17.9 


Compression stress at 50 % strain G (kg/cm 2 ) 


9 


11 


7 


Maximum bending stress H (kg/cm 2 ) 


23.1 


22.3 


15.2 


H/D 


140 


210 


108 


*: Thickness of the skin body at a position thereof which is in contact with the jig used in the above 


measurement o 


local compress 


on modulus R 



[0057] The present embodiments are therefore to be considered in all respects as illustrative and not restrictive, the 
scope of the invention being indicated by the appended claims rather than by the foregoing description, and all the 
changes which come within the meaning and range of equivalency of the claims are therefore intended to be embraced 
40 therein. 



Claims 



1. A method of producing a composite material, comprising the steps of providing a polypropylene resin moulded 
body, other than a crosslinked polypropylene resin foamed sheet, in a mould cavity defined between inside walls 
of first and second moulds such that said moulded body is in contact with the inside wall of the first mould, the 
polypropylene resin moulded body having a melting point (MB) in degrees Centigrade, filling the mould cavity with 
polypropylene resin expanded particles, and heating the expanded particles within the mould cavity to mould the 
expanded particles, thereby to produce the composite material having the polypropylene moulded body and a 
foamed body of the expanded particles fuse-bonded to the moulded body, in which the foamed body has at least 
two endothermic peaks in the DSC curve thereof obtained by differential scanning calorimetry at peak temperatures 
of 1 35°C or more, and in which the highest temperature endothermic peak is at a peak temperature (PH) in degrees 
Centigrade which is not lower than (MB - 5)°C and has such an area at temperatures not lower than (MB - 5)°C 
that corresponds to a calorific value of at least 8 J/g, 

2. A method as claimed in Claim 1, in which said lowest temperature endothermic peak (PL) is at a peak temperature 
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in degrees Centigrade such that the heating is at a temperature lower than (MB - 5)°C but higher than (PL - 5)°C. 

3. A method as claimed in either preceding claim in which MB is 155°C or more. 

5 4. A method as claimed in any preceding claim in which said colorific value is at least 1 0 J/g. 

5. A method as claimed in any preceding claim in which the polypropylene resin moulded body is shaped and then 
placed in the mould cavity. 

10 6. A method as claimed in any preceding claim in which the polypropylene resin moulded body is moulded in the 
mould cavity against the mould wall of the said first mould. 

7. A composite material comprising a polypropylene resin moulded body otherthan a crosslinked polypropylene resin 
foamed sheet, said moulded body having a melting point (MB) in degrees Centigrade and a foamed body of ex- 

15 panded particles fuse-bonded to the moulded body, in which the foamed body has at least two endothermic peaks 

in its DSC curve thereof obtained by differential scanning colorimetry at peak temperatures of 125°C or more, in 
which the highest temperature endothermic peak thereof (PH) is at a peak temperature in degrees Centigrade 
which is not lower than (MB - 5)°C, and has such an area at temperatures not lower than (MB - 5)°C, that corre- 
sponds to a calorific value of at least 8 J/g, the peel strength as determined by Japanese Industrial Standard 

20 J15Z0237 (1991) between the moulded body and the foamed body being at least 1.5 kg/15 mm. 

8. A composite material as claimed in Claim 7 having an energy absorption (E) through a 50% strain in kg cm/cm 3 
determined in accordance with Japanese Industrial Standard JIS Z0237 (1991) and a density (D) in g/cm 3 which 
the ratio in E/D is not less than 20 (kg cm/cm 3 )/(g/cm 3 ). 

25 

9. A composite material as claimed in Claim 7 or Claim 8 in which the said calorific value is at least 1 0 J/g. 

10. A composite material as claimed in any of claims 7 to 9 in which MB is 155"C or more. 

30 11. A composite material as claimed in any of claims 7 to 10 which has the following properties: 

0.6 < Y<3.4 



5-Y< 115X<34.5-Y 



P/D > 2500 

40 

in which Y represents the thickness in mm of the moulded body, X represents the density in g/cm 3 of the foamed 
body and P and D represent the local Compression modulus in kg/cm and the density in g/cm 3 of the composite 
material respectively. 

45 

Patentanspriiche 

1 . Verfahren zur Herstellung eines Verbundwerkstoffs, umfassend die Schritte des Bereitstellens eines anderen Po- 
lypropylenharz-Formkorpers als eine vernetzte Polypropylenharz-Schaumlage in einem Formenhohlraum, derzwi- 

50 schen den Innenwanden erster und zweiter Formen definiert ist, so dal3 sich der Formkorper in Beruhrung mit der 

Innenwand der ersten Form befindet, wobei der Polypropylenharz-Formkorper einen Schmelzpunkt (MB) in Grad 
Celcius aufweist, des Fullens des Formenhohlraums mit aufgeschaumten Polypropylenharz-Teilchen, und des 
Erhitzens der aufgeschaumten Teilchen im Formenhohlraum, urn die aufgeschaumten Teilchen zu formen, wo- 
durch der Verbundwerkstoff mit dem Polypropylen-Formkorper und einem Schaumkorper der aufgeschaumten 

55 Teilchen, der mit dem Formkorper schmelzverbunden ist, hergestellt wird, wobei der Schaumkorper wenigstens 

zwei endotherme Peaks in der DSC-Kurve davon aufweist, die durch Differentialscanning-Kalorimetrie bei Spit- 
zentemperaturen von 1 35°C oder mehr erhalten wurde, und wobei der hochste endotherme Temperaturpeak sich 
bei einer Spitzentemperatur (PH) in Grad Celcius befindet, welche nicht niedriger als (MB - 5)°C ist, und solch 
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eine Flache bei Temperaturen nicht niedriger als (MB - 5)°C aufweist, die einem Heizwert von wenigstens 8 J/g 
entspricht. 

2. Verfahren nach Anspruch 1 , wobei sich der niedrigste endotherme Temperaturpeak (PL) bei einer Spitzentempe- 
ratur in Grad Celcius befindet, so daf3 sich das Heizen bei einer Temperatur niedriger als (MB - 5)°C, aber hoher 
als (PL - 5)°C befindet. 

3. Verfahren nach einem der vorangegangenen Anspriiche, wobei MB 1 55°C oder mehr betragt. 

4. Verfahren nach einem der vorangegangenen Anspriiche, wobei der Heizwert wenigstens 1 0 J/g betragt. 

5. Verfahren nach einem der vorangegangenen Anspriiche, wobei der Polypropylenharz-Formkorper geformt und 
dann in den Formenhohlraum eingebracht wird. 

6. Verfahren nach einem der vorangegangenen Anspriiche, wobei der Polypropylenharz-Formkorper im Formen- 
hohlraum gegen die Formwand der ersten Form geformt wird. 

7. Verbundwerkstoff, umfassend einen anderen Polypropylenharz-Formkorper als eine vernetzte Polypropylenharz- 
Schaumlage, wobei der Polypropylenharz-Formkorper einen Schmelzpunkt (MB) in Grad Celcius und einen 
Schaumkorper aufgeschaumter Teilchen, der mit dem Formkorper schmelzverbunden ist, aufweist, wobei der 
Schaumkorper wenigstens zwei endotherme Peaks in seiner DSC-Kurve davon aufweist, die durch Differentials- 
canning-Kalorimetrie bei Spitzentemperaturen von 125°C oder mehr erhalten wurde, wobei der hochste endother- 
me Temperaturpeak davon (PH) sich bei einer Spitzentemperatur in Grad Celcius befindet, welche nicht niedriger 
als (MB - 5)°C ist, und solch eine Flache bei Temperaturen nicht niedriger als (MB - 5)°C aufweist, die einem 
Heizwert von wenigstens 8 J/g entspricht, wobei die Schalfestigkeit zwischen dem Formkorper und dem Schaum- 
korper wenigstens 1 ,5 kg/15 mm betragt, wie durch den Japanischen Industriestandard (Japanese Industrial Stan- 
dard (J IS)) J15Z0237 (1991) bestimmt. 

8. Verbundwerkstoff nach Anspruch 7 mit einer Energieabsorption (E) durch eine 50% Umformung in kg-cm/cm 3 , 
bestimmt nach dem Japanese Industrial Standard JIS Z0237 (1991), und einer Dichte (D) in g/cm 3 , wobei das 
Verhaltnis von E/D nicht kleiner als 20 (kg-cm/cm 3 )/(g/cm 3 ) ist. 

9. Verbundwerkstoff nach Anspruch 7 oder Anspruch 8, wobei der Heizwert wenigstens 1 0 J/g betragt. 

10. Verbundwerkstoff nach einem der Anspriiche 7 bis 9, wobei MB 155°C oder mehr betragt. 

11. Verbundwerkstoff nach einem der Anspriiche 7 bis 10, welcher die folgenden Eigenschaften aufweist: 



5-Y<115X<34,5-Y 



wobei Y die Dicke, des Formkorpers in mm darstellt. X die Dichte des Schaumkorpers in g/cm 3 darstellt, und 
P und D den lokalen Kompressionsmodul in kg/cm bzw. die Dichte des Verbundwerkstoffs in g/cm 3 darstellt. 



Revendications 

1 . Precede de fabrication d'un materiau composite, comprenant les etapes consistant a produire un corps moule en 
resine de polypropylene, autre qu'une feuille mousse de resine de polypropylene reticulee, dans une cavite de 
moule definie entre les parois interieures d'un premier et d'un deuxieme moule, de sorte que ledit corps moule est 
en contact avec la paroi interieure du premier moule, le corps moule en resine de polypropylene presentant un 
point de fusion (CM) en degres centigrades, a remplir la cavite du moule avec des particules expansees de resine 
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de polypropylene, et a chauffer les particules expansees a I'interieur de la cavite du moule pour les mouler, afin 
d'obtenir ce faisant le materiau composite dote du corps moule en polypropylene et d'un corps expanse en parti- 
cules expansees lie par fusion au corps moule, dans lequel le corps expanse presente au moins deux pics endo- 
thermiques dans sa courbe CAD obtenue par calorimetrie par analyse differentielle (CAD) a des temperatures 
maximum de 135°C ou plus et ou le pic endothermique de temperature maximum se situe a une temperature 
maximum (PS) en degres centigrades au moins egale a (CM - 5)°C, et presente une aire a des temperatures au 
moins egales a (CM - 5)°C qui correspond a une valeur calorifique d'au moins 8 J/g. 

2. Precede selon la revendication 1 , dans lequel ledit pic endothermique de temperature minimum (PI) se situe a 
une temperature maximum (PS) en degres centigrades telle que le chauffage s'effectue a une temperature infe- 
rieure a (CM - 5)°C, mais superieure a (PI - 5)°C. 

3. Precede selon I'une quelconque des revendications precedentes, dans lequel la temperature de CM est de 155 
°C ou plus. 

4. Precede selon I'une quelconque des revendications precedentes, dans lequel ladite valeur calorifique est d'au 
moins 10 J/g. 

5. Precede selon I'une quelconque des revendications precedentes, dans lequel le corps moule en resine de poly- 
propylene est fagonne, puis place dans la cavite du moule. 

6. Precede selon I'une quelconque des revendications precedentes, dans lequel le corps moule en resine de poly- 
propylene est moule dans la cavite du moule contre la paroi du moule dudit premier moule. 

7. Materiau composite comprenant un corps moule en resine de polypropyfene, autre qu'une feuille mousse de resine 
de polypropylene reticulee, ledit corps moule presentant un point de fusion (CM) en degres centigrades, et un 
corps expanse en particules expansees lie par fusion au corps moule, dans lequel le corps expanse presente au 
moins deux pics endothermiques dans sa courbe CAD obtenue par calorimetrie par analyse differentielle (CAD) 
a des temperatures maximum de 125 °C ou plus, dans lequel son pic endothermique de temperature maximum 
(PS) se situe a une temperature maximum en degres centigrades au moins egale a (CM - 5)°C, et presente une 
aire a des temperatures au moins egales a (CM - 5)°C qui correspond a une valeur calorifique d'au moins 8 J/g, 
la resistance au pelage, telle que determi nee selon la norme industrielle japonaise J15Z0237 (1 991) entre le corps 
moule et le corps expanse etant d'au moins 1,5 kg/15 mm 

8. Materiau composite selon la revendication 7, presentant une absorption d'energie (E) pour une deformation par 
compression de 50 % en kg/cm 3 , telle que determinee par la norme industrielle japonaise J15Z0237 (1991), et 
une densite (D) en g/cm 3 , dont le rapport E/D est au moins egal a 20 (kg.cm/cm 3 )/(g/cm 3 ). 

9. Materiau composite selon la revendication 7 ou la revendication 8, dans lequel ladite valeur calorifique est d'au 
moins 10 J/g. 

10. Materiau composite selon I'une quelconque des revendications 7 a 9, dans lequel la temperature de CM est de 
155 "Cou plus. 

11. Materiau composite selon I'une quelconque des revendications 7 a 10, presentant les proprietes suivantes : 

0.6 < Y < 3,4 



5-Y< 115X<34,5-Y 



P/D > 2 500 

oil Y represente I'epaisseur en mm du corps moule, X represente la densite en g/cm 3 du corps expanse, et P et 
D represented respectivement le module de compression locale en kg/cm et la densite en g/cm 3 du materiau 
composite. 
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